The enzyme system catalysing the conversion of D-glucuronolactone and L-gulonolactone into L-ascorbic acid has previously been reported to be located in the microsomal fractions of the liver homogenates of the rat and goat, and of kidney homogenates of the chick (Burns et al. 1956; Chatterjee et al. 1958b, c; Roy & Guha, 1958) . The synthesis from D-glucuronolactone, irrespective of the species studied, is greatly stimulated in the presence of sodium or potassium cyanide but the conversion of L-gulonolactone into L-ascorbic acid does not require the presence of cyanide and is, in fact, inhibited by it (Chatterjee et al. 1958c ). The function of cyanide therefore lies apparently in the reduction of D-glucuronolactone to L-gulonolactone and it probably acts by activating the thiol enzyme involved in this reduction (Chatterjee et al. 1958c) .
The rate of conversion of D-glucuronolactone into L-ascorbic acid by the microsomes from any of the species mentioned above is maximum with 50 mM-cyanide, the rate of synthesis decreasing with decreasing cyanide concentration. With ratliver and chick-kidney microsomes no appreciable synthesis is observed with 5 mm-potassium cyanide even when the time of incubation is prolonged from 1-5 to 3 0 hr. It has, however, been observed that the synthesis by rat-liver microsomes takes place also in the presence of 5 mm or even a lower concentration of cyanide if reduced diphosphopyridine nucleotide, reduced triphosphopyridine nucleotide, glutathione or a chelating agent such as sodium pyrophosphate, aom '-dipyridyl, 8-hydroxyquinoline or the boiled rat-liver supernatant is added to the system (Chatterjee, Chatterjee, Ghosh, Ghosh & Guha, 1958a) . Substances such as reduced di-and tri-phosphopyridine nucleotide and glutathione probably function by stimulating the action of cyanide in reducing the thiol-enzyme for the conversion of D-glucuronolactone into L-gulonolactone, which constitutes the first phase of the reaction. The metal-binding agents such as sodium pyrophosphate, acac'-dipyridyl and 8-hydroxyquinoline, and the boiled supernatant have been reported previously (Chatterjee et al. 1958a; Chatterjee et al. 1960a) to enhance the conversion of Lgulonolactone into L-ascorbic acid. It is likely therefore that these agents promote the formation of L-ascorbic acid from D-glucuronolactone by stimulating the second phase of the reaction, namely conversion of L-gulonolactone into Lascorbic acid.
Goat-liver microsomes behave somewhat differently from rat-liver and chick-kidney microsomes. Although the maximum conversion of D-glucuronolactone into L-ascorbic acid by the goat-liver microsomes takes place with 50 mM-KCN, appreciable synthesis is also observed with 5 mm or an even lower concentration of cyanide if the time of incubation is prolonged from 1-5 hr. to 3-0 hr. This synthesis by the goat-liver microsomes is not further augmented by any of the aforesaid agents.
The lactone forms of the precursors, D-glucuronolactone and L-gulonolactone, have been found to be specifically active in the microsomal synthesis of ascorbic acid; the sodium salts of the corresponding free acids are not acted on (Chatterjee et al. 1958b, c; Chatterjee, Chatterjee, Ghosh, Ghosh & Guha, 1959a, b; Chatterjee et al. 1960a) . Our observation on the specificity of the lactone structure has recently been confirmed by as well as by Bublitz & Lehninger (1959) . The latter have now withdrawn the former claim (Grollman & Lehninger, 1957) that it was the free acid and not the lactone that was specifically acted on in the biosynthesis of Lascorbic acid.
It has already been reported that the oxidative conversion of L-gulonolactone into L-ascorbic acid by liver microsomes of the rat and goat is an aerobic process (Chatterjee et al. 1958b, c) . It had been supposed by some workers (Grollman & Lehninger, 1957) that the intermediate was 3-keto-L-gulonic acid. We had, however, considered for several reasons that 2-keto-L-gulonolactone (L-xylohexulonolactone) was the likely intermediate (Chatterjee et al. 1960a) . Recently the products of oxidation have actually been identified as L-xylohexulonolactone and hydrogen peroxide (Chatterjee, Chatterjee, Ghosh, Ghosh & Guha, 1959c; Chatterjee, Ghosh, Ghosh & Guha, 1959d) . The possibility of L-xylohexulonolactone being the intermediate in the oxidation of L-gulonolactone to L-ascorbic acid has also been suggested by Kanfer et al. (1959) . This paper describes a detailed investigation, covering some of the aspects mentioned above, into the mechanism of conversion of D-glucuronolactone and of L-gulonolactone into L-ascorbic acid by the liver microsomes of the rat and goat and the kidney microsomes of the chick as well as by soluble-enzyme preparations obtained from these microsomes. METHODS Preparation of nuclei, cell debris and mitochondria. The nuclei and cell-debris fraction was sedimented at 500 g and the mitochondrial fraction was sedimented at 8500 g, by the method of Schneider & Hogeboom (1950) . Both the fractions were washed twice with iso-osmotic sucrose solution.
Preparation of microsomes and soluble supernatant. The microsomes and the soluble supernatant were prepared by the method described by Chatterjee et al. (1960a) .
Preparation of a soluble enzyme. Goat-liver microsomes (10 ml., equivalent to 320 mg. ofprotein) were added during 2 min. to a solution (5 ml.) of sodium deoxycholate (250 mg.) in sodium phosphate buffer (0-2M, pH 7-4) with constant stirring. After addition, the mixture was shaken vigorously for another 1-2 min., diluted to 35 ml. with 0-2M-phosphate buffer and centrifuged at 100 000g for 40 min. in a Spinco ultracentrifuge. The residue was discarded and the protein fraction of the supernatant precipitated at 30 % saturation of ammonium sulphate (pH 7*0) was collected and dissolved in 0.1M-phosphate buffer (10 ml.), pH 7-2. The enzyme solution was then dialysed for 1 hr. against 30 vol. of sodium phosphate buffer (0-01 as, pH 7.2) with constant stirring. After dialysis the enzyme solution was centrifuged at 10 000 g for 15 min. and the sedimented protein fraction was discarded. The supernatant (10-12 mg. of protein/ml.) containing the active enzyme was stored at -20°. The temperature throughout the procedure was kept at 0-2°.
Rat-liver microsomes as well as chick-kidney microsomes gave active soluble enzyme preparations by the same treatment except that in these cases the amount of deoxycholate used was half that used with goat-liver microsomes. This was done because the rat-liver microsomes and chick-kidney microsomes, obtained from a given weight of the tissues, were found to contain approximately half the amount of the protein in goat-liver microsomes obtained from the same weight of tissue, and the amount of deoxycholate needed was dependent on the protein content of the microsomes. The activity of the soluble-enzyme preparation from rat-liver microsomes or from chick-kidney microsomes was almost equal to that from goat-liver microsomes on the protein basis and was only about one half on the basis of the weight of the fresh tissues. The boiled supernatant was prepared by the method already described (Chatterjee et al. 1960a) .
Incubation media. Unless otherwise mentioned, the test system contains 20 mM-sodium phosphate buffer (pH 7 2), 10 mM-D-glueuronolactone, 0*25 ml. of the microsomal dispersion (equivalent to 250 mg. of wet liver or kidney), KCN (50 mm or less as indicated in the text). Total volume was 2-5 ml., incubated at 370 in air for 1-5 hr.
When L-gulonolactone (5 mM) was used as the substrate, cyanide was omitted from the incubation media.
Estimation of ascorbic acid. Ascorbic acid was identified and estimated by the methods described by Chatterjee et al. (1960 a) . In the presence of potassium ferricyanide ascorbic acid was estimated by Roe & Kuether's (1943) method and in the presence of cyanide Roe & Kuether's method was used after removal of cyanide by acidification with HC] (M) and evaporation to dryness under suction at 40°and taking up the residue with a known volume of water.
Identification and estimation of D-glucuronolactone and Lgulonolactone. D-Glucuronolactone and L-gulonolactone were identified by paper chromatography and estimated by an adaptation of the hydroxamic acid procedure described before (Chatterjee et al. 1960a) .
Estimation of protein. Protein was estimated by the method already described (Chatterjee et al. 1960a) .
Estimation of Hg2+ ion. Hg2+ ion was estimated colorimetrically with dithizone (Feigl, 1954) . Hg2+ ion present in the samples of adenosine triphosphate was estimated by adding, with vigorous shaking, 1 ml. of a solution of 5 mg. of dithizone in 100 ml. of carbon tetrachloride to 1 ml. of a solution of adenosine triphosphate (25-50 mg.) that had been heated on a boiling-water bath with a drop of concentrated HCI for about a minute. The mixture was then diluted to 4 ml. with absolute ethanol and the colour produced was compared with that obtained with a standard solution of HgCl2 treated similarly.
Preparation of the o-phenylenediamine derivative of Lxylohexulonate. L-xyloHexulonolactone formed as an intermediate in the enzymic oxidation of L-gulonolactone to L-asecorbic acid was trapped in the system as L-Xylohexulonate. The o-phenylenediamine derivative of L-Xylohexulonate was then prepared as follows (Lanning & Cohen, 1951) .
The soluble-enzyme preparation (2 ml.) was incubated at 370 in air for 30 min. with 10 mg. of L-gulonolactone in the presence of 50 mM-sodium phosphate buffer, pH 7-9, and 4 mm-KCN, the total volume being 2-5 ml. Potassium cyanide was added to prevent the oxidation of the synthesized ascorbic acid to the corresponding dehydro form, because the latter has also been found to give a condensation reaction with o-phenylenediamine which might interfere with the identification of the ketogulonate. It may be mentioned that the ene-diol form of ascorbic acid has not been found to give such condensation reaction under similar conditions. After incubation the mixture was deproteinized with 0-25 ml. of 30 % metaphosphoric acid and ifitered. The ifitrate (1 ml.) was neutralized with 10% NaOH and to this was added 0-1 ml. of a solution of 1-5 % o-phenylenediamine in 0-25M-HCI. The mixture was heated on a boiling-water bath for 30 min. The o-phenylenediamine derivative thus produced was identified by the methods described below.
Identification of the o-phenylenediamine derivative of Lxylohexulonate. (a) Paper-chromatographic analysis. A portion (50,1.., equivalent to approx. 20-25,ug. of the Lxylohexulonate) of the o-phenylenediamine derivative prepared as stated above was applied on paper (Whatman no. 1) for chromatographic separation with butan-l-olformic acid (1:1) as well as phenol-water (9:1) as the irrigating solvents. A parallel run was given with a portion of the o-phenylenediamine derivative prepared from an authentic sample of L-xylohexulonate. After the run was over (4-6 hr.) the paper was air-dried and the spots were Identification and estimation of hydrogen peroxide. Hydrogen peroxide formed as a product of microsomal oxidation of L-gulonolactone to L-ascorbic acid has been identified and estimated indirectly by the coupled oxidation of methanol to formaldehyde in the presence of catalase, formaldehyde being estimated by a modified method of Keilin & Hartree (1945 L-Gulonolactone, sodium L-gulonate and L-xylohexulonate were prepared by the methods described before (Chatterjee et al. 1960a ).
Adenosine triphosphate (ATP, crystalline), diphosphopyridine nucleotide (DPN), triphosphopyridine nucleotide (TPN) and reduced diphosphopyridine nuoleotide (DPNH) were obtained from the Schwarz Laboratories Inc. Reduced triphosphopyridine nucleotide (TPNH) was generated in 8itu from TPN (2 mmr), glucose 6-phosphate (5 mm) and yeast glucose 6-phosphate dehydrogenase (1.5 units).
Antimycin A was obtained through the courtesy of Kyowa Fermentation Ind. Co. Ltd., Tokyo, Japan.
RESULTS

Intracellular localization of the enzymee 8ystem
converting D-glucuronolactone into L-a8corbic acid.
The relative enzymic activities of the different subcellular fractions for the conversion of D-glucuronolactone into L-ascorbic acid are given in Table 1 . The results (Table 1) show that the entire activity of the homogenates from the livers of the rat and goat and from the kidney of the chick is located in the microsomal fractions. The observed activity of the mitochondria is probably due to their contamination by microsomes since it has been found that the activity of the mitochondria decreases with washing.
Effect of cyanide on the rate of micro8onsal conver8ion of D-glucuronolactone into L-a8corbic acid. The rate of conversion of D-glucuronolactone into L-ascorbic acid by the rat-liver microsomes has been found to be maximum with 50 mM-KCN, decreasing with decreasing cyanide concentration, and is not appreciable with 5 mM-KCN. But if the time of incubation is prolonged some synthesis is observed even with 5 mM-KCN (Fig. 1 ). Chickkidney microsomes behave similarly. It has, however, been found that with goat-liver microsomes the conversion of D-glucuronolactone into Lascorbic acid in the presence of 5 mM-KCN approaches that obtained with 50 mM-KCN if the time of incubation is prolonged (Fig. 1) .
Effect of so7me other factors in the presence of cyanide on the micro8omal conver8ion of D-glucurono- Vol. 76lactone into L-a8corbic acid. It has been found that though no appreciable synthesis of L-ascorbic acid from D-glucuronolactone by the rat-liver microsomes occurs in the presence of 5 mM-KCN, a marked synthesis takes place if DPNH or TPNH is added to the system (Table 2 ). The reduced pyridine nucleotides can be more efficiently replaced by some metal-binding agents, namely sodium pyrophosphate, oco'-dipyridyl, 8-hydroxyquinoline or by reduced glutathione (GSH). Addition of DPNH, TPNH or GSH to a system containing any of these chelating agents does not further enhance the synthesis. Some synthesis is also observed with sodium citrate, ATP or ADP, but not with adenosine monophosphate (AMP). Nicotinamide and antimycin A were ineffective. The results are given in Table 2 . None of the aforesaid factors can, however, promote the synthesis in the presence of 50 mM-KCN. In the absence of cyanide no synthesis is observed in any of these cases. The behaviour of chick-kidney microsomes is similar. But none of the agents which stimulated the synthesis by rat-liver and chick-kidney microsomes has any influence on the synthesis by goat-liver microsomes.
Effect of boiled 8upernatant on the converaion of D-glucuronolactone into L-ascorbic acid by the micro8ome8. It has been observed that in a system containing 5 mM-KCN and a chelating agent, the chelating agent can be completely replaced by the boiled rat-liver supernatant for the conversion of D-glucuronolactone into L-ascorbic acid. The boiled supernatant from rat liver is not, however, specific; that obtained from goat liver, chick kidney and even guinea-pig liver is also equally active (Table 3) . Like the chelating agent the boiled supernatant obtained from any of these species cannot, however, further enhance the synthesis stimulated by 50 mM-KCN, whereas in the absence of cyanide it is ineffective. Chickkidney microsomes behave in a similar way to ratliver microsomes in the presence of the boiled supernatant, which, however, has no influence on the synthesis by goat-liver microsomes.
Some properties of the boiled supernatant. The activity of the boiled supernatant is almost entirely lost if it is dialysed for 72 hr. against 30 vol. of 10 mM-sodium phosphate buffer, pH 7-2, treated with 4 % trichloroacetic acid, shaken with activated charcoal or heated at 1000 with N-HCl for 30 min. or with N-NaOH for 10 min. The activity of the Table 2 . Effect of reduced pyridine nucleotides, chelating agent8 and 8o0me other factors on the conver8ion of D-glucuronolactone into L-ascorbic acid by rat-liver micro8omem Effect of L-gulonolactone on the microsomal conver8ion of D-glucuronolactone into L-ascorbic acid. It has been observed that though goat-liver microsomes do not convert D-glucuronolactone into Lascorbic acid in the absence of cyanide, they do so when L-gulonolactone is added to the system (Tables 4 and 5 ). With an optimum concentration of L-gulonolactone (5 mM) the synthesis becomes maximum with an optimum concentration of Dglucuronolactone (10 mM), decreasing with the decreasing concentration of D-glucuronolactone (Table 4) . Again with an optimum concentration of D-glucuronolactone (10 mM) the synthesis depends upon the concentration of L-gulonolactone present in the system, being maximum with the optimum concentration of L-gulonolactone (5 mM) and decreasing with its decreasing concentration (Table 6) .
Effect of adenosine triphosphate on the synthesis of ascorbic acid by rat-liver microsome8. Adenosine triphosphate has been found to stimulate the conversion of D-glucuronolactone into L-ascorbic acid by the rat-liver microsomes in the presence of 5 mM-KCN (Table 2 ). It may be mentioned that in previous experiments (Chatterjee et al. 1958c ) ATP was found to be inhibitory to the synthesis of ascorbic acid by rat-and goat-liver microsomes. But in subsequent investigations the observed inhibition by ATP was found to be due to the presence of Hg2+ ions (3,ug./mg.) in the sample of ATP used (Schwarz Laboratories Inc.; lot no. 5501, 1955) and not due to the ATP itself (Chatterjee et al. 1958a ). Hg2+ ion has already been reported to be inhibitory to the synthesis of ascorbic acid (Chatterjee et al. 1958c (Chatterjee et al. , 1960a . Fig. 2 into L-aecorbic acid (Chatterjee et al. 1958b ). The soluble supernatant, irrespective of species, when added to the system inhibits the synthesis from D-glucuronolactone (Fig. 3) . The inhibitory factor in the supernatant has been traced to a lactonesplitting enzyme which hydrolyses D-glucuronolactone to D-glucuronic acid (identified by paper chromatography as the lactone after non-enzymic lactonization in the presence of HCl), the latter being not acted on by the microsomal enzyme. In the absence of cyanide, however, both the lactone and the sodium salt of the free acid are converted, though to a small extent, into L-ascorbic acid, provided that the soluble supernatant and TPNH are present along with the microsomes (Table 8 ). This synthesis in the presence of the soluble supernatant and TPNH is not much influenced by substrate concentration nor by the concentration of the soluble supernatant. On increasing the concen- Concentrations of potassium ferricyanide, methylene blue and oxidized glutathione were 1 mM, 1 um and 2 mM respectively. Incubation was for 3 hr. Some properties of the soluble-enzyme preparations obtained from the liver8 of rat and goat and the kidney of the chick. The effect of variation of the concentration of D-glucuronolactone on the synthesis of L-ascorbic acid by the soluble-enzyme preparations from the goat, rat and chick is shown in Fig. 4 synthesis is proportional to the enzyme concentration (Figs. 6, 7) . In contrast to the great stability of the microsomes, the activity of the soluble-enzyme preparation from goat liver falls sharply on storage at -150 and is completely lost after 6-7 days, and that obtained from the rat liver or the chick kidney is stable only for 1-2 days. As reported for micro- somes (Chatterjee et al. 1958c (Chatterjee et al. , 1960a , the activity of the soluble-enzyme preparation from goat liver is strongly inhibited by p-chloromercuribenzoate, the inhibition being reversed by reduced glutathione. Soluble-enzyme preparations from rat liver and chick kidney behave similarly.
Mechanisnm of oxidation of L-gulonolactone by the 8oluble-enzyme preparation8 from the rat, goat and chick. During the study of the oxidation of Lgulonolactone by the soluble-enzyme preparations from the rat, goat and chick with the manometric technique, it has been observed that the molar ratio of ascorbic acid formed to oxygen uptake in the presence of added catalase is approximately 2 (Table 10 ). In the absence of added catalase, this ratio (1-6-1-70) approaches 2 owing apparently to the presence of catalase activity in the enzyme preparation itself. When methanol is added along with the catalase, it will be observed ( Table 10) that for 1 mole of ascorbic acid formed 1 mole of oxygen is consumed, with the consequent formation of approximately 1 mole of formaldehyde. The results indicate that in the absence of methanol the hydrogen peroxide formed during the oxidation of L-gulonolactone is decomposed by the catalase and the net oxygen uptake becomes 0-5 mole of oxygen/mole of ascorbic acid formed, as would be expected. In the presence of methanol, however, the hydrogen peroxide is utilized in the oxidation of methanol, producing formaldehyde, and thus the net oxygen uptake becomes 1 mole of oxygen/mole of ascorbic acid formed. With a soluble-enzyme preparation from guinea-pig liver, no oxygen uptake was observed under similar conditions. Effect of cyanide on the oxidative formation of La8corbic acid by the 8oluble-enzyme preparation from goat-liver micro8ome8. Table 11 shows that though a high concentration of cyanide (50 mM) is inhibitory to the conversion of L-gulonolactone into L-ascorbic acid, the oxidation of Lgulonolactone to L-xylohexulonolactone (the identification of which is described in the following section) is not hampered. Similar results have been obtained with microsomes from rat liver and chick kidney. The inhibition in the conversion of Lgulonolactone into L-ascorbic acid has been found to decrease with a decreasing cyanide concentration and no inhibition is observed with 2 mM-KCN. This indicates that the inhibition by cyanide is due probably to the formation of a cyanohydrin derivative of the keto-intermediate, thus arresting its spontaneous conversion into L-ascorbic acid. The amount of oxygen consumed with 50 mM-KCN is about twice that consumed in the absence of cyanide, owing apparently to the inhibition of the catalase activity of the enzyme preparation by cyanide. Table 11 also shows that with D-glucuronolactone there is no oxygen consumption in the absence of cyanide, which indicates that probably no L-gulonolactone is formed under this condition.
Product of oxidation of L-gulonolactone by the 8oluble-enzyme preparations from goat, rat and chick. The immediate product of oxidation of L-gulonolactone by the soluble-enzyme preparations from the livers of the goat and rat and the kidney of the chick has been found to be L-xylohexulonolactone The identity of the quinoxaline derivative was further confirned by the measurement of absorption spectra over the region 325-360 m,u. An absorption maximum at 335 m,p with 1-51 as the ratio of the extinctions at 330 and 360 m,i, characteristic of the quinoxaline derivative of an authentic sample of sodium L-xylohexulonate, was obtained (Fig. 8) . It may be mentioned that the condensation product of dehydroascorbic acid with o-phenylenediamine gives a yellow fluorescence and shows no absorption in the region 325-360 m1p.
DISCUSSION
Site of the enzyme 8y8tem The enzyme system catalysing the conversion of D-glucuronolactone into L-ascorbic acid has been found to be located entirely in the microsomal fraction of liver homogenates of the rat and goat and of kidney homogenates of the chick (Table 1) . The synthesis by the homogenate is significantly lower than that by the microsomes. This is due to the fact that the soluble supernatant in the homogenate contains the lactonase (as shown in this paper and by Chatterjee et al. 1958c Chatterjee et al. , 1960a , which hydrolyses D-glucuronolactone and L-gulonolactone into the corresponding free acids, the latter being not acted on by the microsomes for the synthesis of L-ascorbic acid.
Effect of cyanide and some other factor8 on the biosynthes8i Synthesis by rat-liver and chick-kidney micro8omes. The conversion of D-glucuronolactone into L-ascorbic acid by the microsomes presumably follows the sequence:
hydrolysis of the lactone keeping the pH of the incubation medium high. At this high pH (7.9) the oxidation of L-gulonolactone was not at all hampered (Table 12 ), but the relative amount of ascorbic acid formed was small, indicating that the intermediate was trapped in the system. The intermediate thus obtained could, however, be converted into L-ascorbic acid (identified as described in the Methods section) by non-enzymic lactonization in the presence of HCI. The trapped intermediate was converted into the o-phenylenediamine derivative, the preparation of which has been described in the Methods section. The o-phenylenediamine derivative thus formed was found to be identical with that prepared from an authentic sample of sodium L-xylohexulonate by its typical blue fluorescence in the ultraviolet region and by its paper-chromatographic analysis as described in the Methods section.
The synthesis from D-glucuronolactone is greatly stimulated in the presence of potassium cyanide in all the species studied. Maximum conversion of D-glucuronolactone into L-ascorbic acid is obtained with a concentration of cyanide of the order of 50 mm, decreasing with a decreasing cyanide concentration in all the species (Fig. 1) . With rat-liver and chick-kidney microsomes no appreciable conversion is noted with 5 mM-potassium cyanide. At this concentration of cyanide the synthesis could, however, be stimulated by DPNH, TPNH or reduced GSH (Table 2) . DPNH, TPNH and GSH can be replaced more efficiently by a metal-binding agent such as sodium pyrophosphate, ococ'-dipyridyl or 8-hydroxyquinoline, or by the boiled supernatant obtained from livers of the rat, goat, guinea pig or the kidney of the chick (Tables 2 and 3 ). The possibility that cyanide, chelating agent or the boiled supernatant promotes the synthesis by inhibiting the microsomal lactonase, which hydrolyses D-glucuronolactone to D-glucuronic acid (Chatterjee et al. 1958c and this paper; Winkelman & Lehninger, 1958; Yamada, 1959) , and by thus increasing the availability of the lactone form does not exist since none of these agents has been found in this Laboratory to have any influence on the uronolactonase activity. Since no cyanide is needed for the conversion of L-gulonolactone into L-ascorbic acid, the function of cyanide lies apparently in the reduction of Dglucuronolactone to L-gulonolactone, which constitutes the first stage of the reaction. The microsomal-enzyme system catalysing the reduction of D-glucuronolactone to L-gulonolactone probably contains some thiol groups, which are activated by cyanide (Chatterjee et al. 1958c) . The rate of reduction of D-glucuronolactone is presumably dependent on the rate of activation of the thiol groups, the latter being dependent on the concentration of the cyanide present in the system, being maximum with 50 mM-potassium cyanide. When, however, the cyanide concentration becomes as low as 5 mm, probably the activation of the thiol enzyme in ratliver and chick-kidney microsomes is not sufficient to produce L-gulonolactone in the concentration necessary for the production of a detectable amount of L-ascorbic acid. It is likely that the addition of DPNH, TPNH or GSH to such a system stimulates the function of cyanide in promoting the first stage of the reaction, with the consequent formation of an appreciable quantity of L-gulonolactone leading to the synthesis of L-ascorbic acid. However, the formation of L-ascorbic acid in this system can be further enhanced even in the absence of DPNH, TPNH or GSH if any of the chelating agents such as sodium pyrophosphate, aoc'-dipyridyl and 8-hydroxyquinoline or the boiled supernatant is added (Tables 2 and 3 ). Since these agents have been found to promote the conversion of L-gulonolactone into L-ascorbic acid (Chatterjee et al. 1960a) , it would appear that they enhance the overall reaction from D-glucuronolactone by stimulating the second stage of the reaction, namely conversion of L-gulonolactone into L-ascorbic acid. This is supported by the observation in this Laboratory that with a concentration of L-gulonolactone as low as 1 mm, no appreciable synthesis of L-ascorbic acid is brought about by the rat-liver or chick-kidney microsomes; but when any of the aforesaid-chelating agents or the boiled supernatant is added to the system, about 0 3-0 4 lumole of L-ascorbic acid is produced.
DPNH, TPNH or GSH does not further enhance the conversion of D-glucuronolactone into L-ascorbic acid already stimulated by 50 mMpotassium cyanide. This would probably indicate 19 that when the activation of the thiol enzyme is maximum, the effect of the reduced pyridine nucleotide is not realised. Also the addition of any of the chelating agents or the boiled supernatant does not further promote the conversion of Dglucuronolactone into L-ascorbic acid stimulated by 50 mM-potassium cyanide. This is probably due to the fact that cyanide at such a high concentration inhibits the second stage of the reaction, namely conversion of L-gulonolactone into Lascorbic acid (Chatterjee et al. 1960a) , where the function of the chelating agents lies. The net result is that the stimulating effect of the chelating agent is not produced. This is supported by the observation that in the presence of 50 mM-potassium cyanide any of the aforesaid-chelating agents or the boiled supernatant does not enhance the conversion of L-gulonolactone into L-ascorbic acid by the ratliver microsomes.
Synthas by goat-liver micro8ome. A low concentration of cyanide (5 mM), by itself, is ineffective with rat-liver and chick-kidney microsomes. But this concentration (5 mM) of cyanide can bring about the conversion of D-glucuronolactone into L-ascorbic acid by the goat-liver microsomes and this conversion is not enhanced by the addition of any of the aforesaid agents. Perhaps the thiol groups in the microsomal enzyme from the goat liver are released more readily by a comparatively low concentration of cyanide.
It has recently been found (Chatterjee, Ghosh, Ghosh & Guha, 1959d; Chatterjee, Kar, Ghosh & Guha, 1959e, 1960b ) that a microsome-bound lipid cofactor is involved in the oxidation of L-gulonolactone by the rat-and goat-liver microsomes. It has also been observed that goat-liver microsomes are extremely stable and can be stored at -15°for months together without any loss of activity. The microsomes from rat liver and chick kidney, on the other hand, are labile and their activity falls by about 80 % on storage at -150 for 5-6 days. The activity, however, can be restored by addition of any of the aforesaid chelating agents. Lipid materials such as a-tocopherol and vitamin K1 have been found to simulate the accelerating effect of the chelating agents for the conversion of Lgulonolactone into L-ascorbic acid by rat-liver and chick-kidney microsomes. These agents have, however, no influence on the synthesis by goat-liver microsomes apparently because their lipid cofactor is more stable. The action of the chelating agents on the microsomes from rat liver or chick kidney is perhaps to be attributed to the protection of the lipid cofactor against auto-oxidation by these agents. However, the mode of action of these agents and the reason for the difference in behaviour between the liver microsomes from the rat and the goat are not quite clear.
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Effect of L-gulonolactone on the conversion of D-glucuronolactone into L-ascorbic acid It has been reported in this paper that whereas the microsomes do not convert D-glucuronolactone into L-ascorbic acid unless cyanide is present in the incubation media, these do so when L-gulonolactone is added to the system. The amount of ascorbic acid produced is more than that obtained with Lgulonolactone alone and increases with increasing concentration of D-glucuronolactone up to a maximum. Similar results are obtained if increasing concentrations of L-gulonolactone are used with a given concentration of D-glucuronolactone. From Tables 4 and 5 it will be observed that L-gulonolactone in this system behaves similarly to cyanide towards the synthesis of ascorbic acid. It would appear that the cofactor reduced in the oxidation of L-gulonolactone to ascorbic acid functions like cyanide in the enzymic reduction of D-glucuronolactone to L-gulonolactone. The oxidation of Lgulonolactone and the reduction of D-glucuronolactone might appear to be a coupled reaction, but this does not seem strictly to be so, as a catalytic amount of L-gulonolactone in the presence of Dglucuronolactone produces only about double the amount of ascorbic acid that it produces in the absence of D-glucuronolactone and no more. On addition of more L-gulonolactone, however, more ascorbic acid is produced. Besides, this system does not produce ascorbic acid in the complete absence of oxygen. The mechanism of the reaction is not quite clear and is under further investigation.
Relative conversion of D-glucuronolactone and sodium glucuronate into L-ascorbic acid The microsomal enzyme has a specificity for the lactone forms of the substrates: D-glucuronolactone and L-gulonolactone. The free acids are converted only when the soluble supernatant is present in the system. With sodium L-gulonate the soluble supernatant is needed only to supply the gulonolactonase, which lactonizes L-gulonate into L-gulonolactone, the latter being acted on by the microsomal enzyme. With D-glucuronate, however, a TPNspecific aldehyde dehydrogenase in the supernatant first reduces D-glucuronate to L-gulonate and Lgulonate is then lactonized to L-gulonolactone by the gulonolactonase of the supernatant (Hers, 1956; Hassan & Lehninger, 1956; Ishikawa & Noguchi, 1957; Chatterjee et al. 1960a) . In this paper it has been indicated that an enzyme hydrolysing Dglucuronolactone to D-glucuronate is present in the soluble supematant. This observation has also been made by Yamada (1959 Yamada, Suzuki & Shimazono, 1959 ) from the soluble supernatant, which reduces D-glucuronolactone to L- gulonolactone. This would indicate also the possibility of direct conversion of D-glucuronolactone into L-gulonolactone, thus eliminating the process of secondary lactonization of the L-gulonate formed from D-glucuronate. Since L-gulonolactone is the direct precursor of L-ascorbic acid, in this case the formation of ascorbic acid would be expected to be higher than that obtained from D-glucuronate. But owing to the presence of a strong gulonolactonase in the supernatant (Chatterjee et al. 1960a ), the L-gulonolactone formed directly from Dglucuronolactone is probably competitively hydrolysed to L-gulonate. Hence, irrespective of the starting material, namely D-glucuronolactone or D-glucuronate, the net amount of ascorbic acid synthesized would represent that formed from the gulonate only. It has been found in this Laboratory that though with a high concentration of Lgulonolactone (5 mM) the synthesis of ascorbic acid in the presence of microsomes and the soluble supematant is higher than that obtained from gulonate (5 mM) (Chatterjee et al. 1960a) , with a low gulonolactone concentration (1-2 mM) the synthesis from gulonolactone is almost equal to that obtained from the corresponding amount of L-gulonate. This would explain why in the absence of cyanide the amount of ascorbic acid formed either from D-glucuronolactone or D-glucuronate in the presence of microsomes, soluble supernatant and TPNH is almost the same.
The mechanism of reduction of D-glucuronolactone to L-gulonolactone by the microsomal enzyme is apparently different from that of Dglucuronate to L-gulonate by the enzyme in the supernatant. The former is accelerated by the presence of a relatively high concentration of cyanide (50 mM), and no addition of cofactor is required, whereas the latter is completely inhibited at this cyanide concentration and addition of TPNH is necessary. With a low cyanide concentration (1-2 mM; Table 9 ) this inhibition is not, however, observed. The mechanism of the inhibition by a high concentration of cyanide in this system is not quite clear. It may be that D-glucuronate is converted into L-gulonate via an intermediary formation of D-fructuronate, and that a high concentration of cyanide arrests the reduction of Dfructuronate to L-gulonate by formation of a cyanohydrin derivative of the fructuronate. The inhibits the conversion of D-glucuronolactone into L-ascorbic acid by rat-liver microsomes in the presence of 5 mM-potassium cyanide plus sodium pyrophosphate. The conversion of L-gulonolactone into L-ascorbic acid is not inhibited by potassium ferricyanide.
6. The microsomes can act only on D-glucuronolactone and not on the corresponding free acid. The soluble supernatant contains a strong lactonase hydrolysing D-glucuronolactone to D-glucuronic acid and thus inhibiting the cyanide-stimulated microsomal conversion of D-glucuronolactone into L-ascorbic acid.
7. Sodium glucuronate can also be converted into L-ascorbic acid but to effect this synthesis the presence of the soluble supernatant and reduced triphosphopyridine nucleotide along with the microsomes is necessary. This conversion is inhibited by 5 mm or a higher concentration of cyanide, in contrast with the microsomal conversion of D-glucuronolactone into L-ascorbic acid, which is stimulated by cyanide.
8. Soluble-enzyme preparations have been obtained from the microsomal fractions of the liver tissues of the rat and goat and the kidney tissue of the chick. Some properties of these enzyme preparations in the conversion of D-glucuronolactone and L-gulonolactone into L-ascorbic acid have been studied.
9. The oxidation of L-gulonolactone by the soluble-enzyme preparations from the liver microsomes of the rat and goat and the kidney microsomes of the chick is an aerobic process, oxygen being the ultimate electron acceptor. Hydrogen peroxide is formed in the proces.
10. The oxidation of L-gulonolactone by microsomes from rat liver and chick kidney and by the soluble-enzyme preparation from goat-liver microsomes is not inhibited even by 50 mM-potassium cyanide.
11. The immediate product of oxidation of L-gulonolactone by the soluble-enzyme preparations obtained from the rat, goat and chick has been identified as L-xylohexulonolactone.
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